
Finding Life's Limits 
W~INGTON. D.C.-Everything in life is getting smller, it 

telephones, camcorders. Even cells seem to be 
shrinking, with reports of tiny, ancient microbes on Mars (see 
main text) and claims of m-cailed " n a n n o W  on Earth- 
putative cells occupying only 0.01% of the volume of a typical 
Esdwichia coli bacteriua But unlike computer chips that shrink 
as they are reitrvented with new materials, all life on Earth seems 
tousethesamestandardparts.Thoseco~~NA,RNA, 
and the ribosomes that help translate the genetic code into pro- 
teb-lwe a fixed size. 

That puts a limit on how s d  a seIf-replicating cell can be, ac- 

have roam for two n i  260 pmteb, and only eight genes' 
worth of DNA. 

Evenwith250genes,ce~wouldhavetobepsaasites,~~on 
ready-made nuhiem h m  their hosts. 'By the time yau get to an 
argslnisn of this size," said biochemist Peter MOOE of Yale U&- 
sity,'"youareeitheranobligaXeparssiteoryou~astanding~ 
at [the biological supply house] SIGMA." Ifthe putative foesils fi.om 
Marsmnfi-ee-living,they%ouldbtodectabiochemis&y 
unlikeanyweknow,"hesaid 

But biochemkt and physician Olavi Kajander ofthe h k s i t y  
ofI(llopioinFin1and sayshe h a s ~ t h a t p ~ w e t h e t h e o r e t i -  
dIimitswraog.Hesaysthat~lheaanobacteriahehascul- 

can get viable cultures after passing them 
biochembtry, ecology, and a n d o l o g y  who tlmmgh a lOOam fi. He also claims to see 
gathered at the National Acadenry of Sciences sphaesasdas50mnindiameberlnader 
lastmonth*todiscusstheiimitsof~atthe theeiedronmi-. 
tiniest level. Assuming that a cell needs DNA Kajaaderarguesthathis@est~les, 
andnitomakeiproteias,asipben- iflrotviotMe alone ,mightjo in~tomake 
c a l c e l l m u c h d e r t h a n a b o u t 2 0 0 ~  a q m h k g - B a d d s W e  
meters (nm) in dh&er+tbout orwenth lhe * = l p e t ~ * ~ ~ ~ ~ & r l y  
diameter of an E, ~ o l i - ~ ~ i s  not compatible thattbeymedfkwribosrmaq~exmple.As 
with life as we know if" says cell biologist fraFolk,heisstinfmdia%46am,bean-shaped 
~ d e D u v e o f t h e C l n i s t i a n d e D w e  "cells"melectroPl~fimthebe1ieves 
Inslime of Cellular Pathology in Bmse.ls aad axe biologicai, although they may be "some 
The RotAe* UnivaSity m New Yozir City. sort of aew ~~" 

Only radical new biology could *lax these O t b a d d a t t b e - m M -  
s k l i n 6 t q h e d h i s c o ~ 0 0 ~ : h d e d  ful. Ytf reallyeasytogetfooled,"~micro- 

Oneoftheclaimspmmpthgthis@~ bioloejstDonWrttoaoftheU~ofAlas- 
ratimofthehnitsofsmallcannefrangeolo- k a , ~ C e I l s l a r g e r t h a n l o O m n m i g h t  
gist Robert Folk of the University of 'Itxas, u e  b#teria have squeezed through Kajander's fiiter, he 
A h e r e p o r b e d h d h * M - &  asrmallasK,nminimagestikethisone. s a y ~ , d * e o n ~ f E x e l m  
o b j e c t s a s s m a l l a s 3 O n m ~ ~ h e  mi- somedimes shrinks cells, Paleon- 
c a l l s ' ~ n - - i n e Y e r y t h m g ~ t a p ~ m t o o t h e n a m e l  to1~~KndlofHarverdUniversityagcecs."rtllinkcvery- 
(&h,2OJrme1997,p.l777).Tbentfrere~thepltative~- oneprettymuchagmdthat...nothingmuchsnallerthan200nmis 
t i anmi~~smal la s20mby lOO~andaFirmishrepor to f  tikiefytobeviable." 
backria d e r  than 100 nm-tbk term is 'bM4- Still, reseaFcbers admit that unknown Binds of W b  might 
tmdfirrrmhumrmdcstdeblood. notfkethesamelimikBefbreDNA,ribosomes,andpaoteins,~ 

Such dimensiolls do not leave enough room for the basic set of must have been simpler ~~. Wilh a single molecule capable of 
g e n e s n e e d e d f i x l & , s a i d ~ p a r t i c i p a n t s . B y ~ t h e  b o t h n p l i c a t b g ~ l f a a d a b d y z h g ~ a s R N A , f b r  
g e n e s s h a r e d b y t h e ~ l e s t o ~ ~ h a v e r e c e n d y  example-aceU~dneedfirrlesssrpace,several~toidthe 
~ W t h a t a t l e a s t 2 5 0 a r s o m ~ h s u r v i v a l a s a s e l l r  m e e t i n g . A s p h e a e 5 0 r t m a c a w s d ~ c o o t a i n ~ 5 0 o r  
qlicaiing d Thati abaut haLfthe number pment in the smallest so catalytic "genes" necessary for self-replication and basic 
hown bacterial genome. ( V i ,  wbich can't replicate on their metabolism, with plenty of room left wer for chemical d o n s ,  
own, can be d e r . )  The DNA needed for 2 9  gems wwld just &mist Steve Bearnet of the Univaaity of Flaida, Gaiaawille, said. 
s b o u t f d a ~ 1 0 0 n r n m ~ , a d d e n o u g h n n r m f o r n ' b o -  Ifsuchprhnitive&hoace~here,theywzecmtcnm- 
somes(each0fwhichis20mnindiatlleter)~fortSleDNA~unwind petedbythemorecomple~rfonnsnetwpopddng~butthey 
forreplication,end~~cal&~ll~ofthecell ,andU)Onmis mightexistelsewhae.'%reallyhmnoassurancetbatourbidagy 
n e e d e d . A t 5 O n m m ~ b i ~ M i c h a e l A d a m s o f t h e  exhauststhe~iWesfbrlifiintheunivem,"saysKnoll.But~- 
U~ofGtorgia,Athens,cal~aspWcalceUmdd t i l a p e m a s i w s a m p l e o f s u c h ~ i s d h a m m d , ~ a n d ~ -  

~ n s w c a n d i d a b e s w i l l h t o u g h ~ c s c I u t i n y .  
*Workshop on Size Umits of b r y  Small M i i w n s ,  22-23 October. ~ U I E N V O G E L  

g bar). And at the Houston workshop, McKay 
3 went part of the way toward accepting that 
a limit. Anything smaller in volume than a 

1Wnanometer sphere "we simply don't be- 
g lieve is indicative of bacteria," he said. That 
2 criterion eliminates the objects in the 
4 Science paper as well as "The Worm," a which is 250 nanometers long but too slen- 
g der to make the cut. McKay also ruled out 

the phalanxes of worms, agreeing that, as 

another group argued last year, they are 
merely the jutting edges of mined crystals 
reshaped by a coating used to prepare the 
sample for the scanning electron micro- 
scope (Science, 5 December 1997, p. 1706). 

But McKay wouldn't write off the 
bacteria-like forms completely, saying that 
they "may very well be parts of bacteria 
from Mars.'' And as for intact bacteria, "we 
think there are large objects that are still 

candidates," he said, although he declined to 
offer any examples. "Until we get our data 
straightened out, that's all I want to say." 
Even if McKay's team does come up with 

larger examples, few researchers are likely to 
be persuaded by simple bacteria-like shapes. 
Inorganic deposition can take such lifelike 
hms that shape alone proves little, say pale- 
ontologists and mineralogists. 'UUnrhmately, 
nature has a perverse sense of humor," ex- 
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